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INTRODUCTION 

Thin  report  is  intended  as  a  presentation  of  our  experimental 
development*  in  the  hydrophone  field/  The  standardized  and  special 
types  of  hydrophone  construction  will  be  shown  together  with  Bourses 
of  basic  material.  Equipment  development  in  this  field  will  be  re¬ 
viewed  and  recommended  suggestions  for  furthor  development  effort* 
will  bo  suggested, 

R 

;l  BACKGROUND 


In  the  early  days  of  Hudson  Laboratories  underwater  research 
activity,  the  widely  used  acoustic  detectors  were  expensive  oooweroial 
barium  titanato  devices  having  limitations  under  high  hydrostatic 
pressures.  In  the  Mechanical  Engineering  Section,  axporiraents  wore 
conducted  to  ascertain  the  'iracticality  of  making  our  own  hydrophone* 
better  suited  to  deep  water  use.  The  first  problem  war  that  of  finding 
n  suitable  hocking  material  which  would  not  diminish  the  sensitivity  of 
the  barium  titnnate  cylinders  used.  An  experimental  program  showed  that 
the  density  of  the  backing  material,  particularly  in  the  low  frequency 
range  of  listening,  had  no  perceptible  difference  on  the  sensitivity  of 
a  hydrophone  unit  wars  made  which  met  bur  deep  sea  need* 
and  has  been  our  standard  typo  detector  since.  Details  of  this  unit 
will  bo  explained  below. 

As  need  arose,  other  problems  were  encountered  in  the  assembly 
techniques  of  these  anti  other  typos  of  listening  end  transducer  units. 
More  recently,  improved  equipment  requirements  have  pointed  up  the  need 
for  better  hydrophones  from  the  standpoint  of  better  sensitivity  and 
higher  capacity,  and  this  has  given  rise  to  n  more  critical  approabh  in 
the  choice  of  materials  and  in  assembly  methods.  Recent  efforts  have 
been  made  to  meet  these  demands  by  the  use  of  better  ceramic  materials 
(zirconates) ,  amt  by  the  improvement  of  packaging  techni quc-sC shielding) , 
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BASIC  ACOUST  C  TOOLS 


THE  STANPAB&  THHER  -ELEMENT  HYDttCVHONK  -  The  most  bitale  li  stoning 
tool  of. the  laboratory,  shown  in  Fig,  1,  will  be  considered  In 
detail.  This  is  a  series -wired  three -cell  unit  with  a  capacity 
of  ,OOb  microfarad,  and  a  sensitivity  of  about  -92  db  per  dyne  crt 
— rcferuacc  i  volt., 

A  -  Crystal  Fount  rodents .  The  barium  H innate  aryataiD  used  in 
the  standard  throe-element  hydrophone  wore  selected  with  t.ho 
following  specifications: 

Physical  . 

Cylindrical  !f-in  outside  diameter 
Length  ttt 

Wall  thickness  approximately  I/O  in 

Elect rode  surface  applied  to  within  l/C  In  of  inside 

and  outside  edtjes  of  cylinder 

Electrical 

Capacity  of  at  least  .010  microfarad* 

Letter  t-i,,  is  pint.  below  0“C 
Uniform  direction  of  polarization 
Diuiectflc  constant  (at  25°C.l 

B  -  Boot .  The  envelopes  .tor  the  series-connected  pUstie-fi  I len 
cryatnls  wore  bottomed  cylinders  made  of  rho-C  nepprene  compound, 
having  acoustic  tronsmi salon  properties  closely  approx imo tiny 
those  of  water. 

0  -  Wire  ConruHiUotis.  The  series  connections  wore  made  with  an 
insulated  tensolite  wire  while  the  takeout  wires  were  made  of  S.gnnl 
Corps  wire  (WDITT),  selected  for  the  durability  of  its  insulation 
in  the  compressive  type  of  rubber  seal  yland  adopted  successfully 


•u ‘i n.LTi.'Ttf e-t j-asii-nttw**;,-. «■  t»n— m «.■  ■  vumhwk.  mi  ■  ■  w »,ni..  i 

is 

All  db  measureTiii'.nts  honceforth  in  this  report  will  have  this 
same  reference. 
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for  widespread  lugh  pressure  use  in  laboratory  devices.  Low 
temperature  solder  was  useit  with  a  minimum  of  boat  f  temperatures 
above  high  rurie  point  of"  UK)°C  will  destroy  potnrlznt ion). 

D  -  p  lasttc  Mfjteri o  1 ,  Experiments  indicated  thnt  a  completely 
plastic-filled  backing  for  the  throe-element  assomhly  was 
wholly  satisfactory.  A  room  curing  epoxy  resin  plastic  was  found. 
However,  the  excessive  exotherm  approached  the  high  transition 
point  of  the  barittm  litannte  material  nnd  threw  toned  the  polar¬ 
ization  of  the  crystal,  A  maple  wood  dowel  was  employed  as  nn 
assembly  aid  ns  wolf  ns  a  filler,  anil  this  lowered  the  Unit  volume 
of  the  curing  plastic  find  consequently  the  exolhotm,  The  epoxy 
resin  used  had  the  disadvantage  of  high  viscosity  presenting  the 
problem  of  entrapment  of  air  in  the  cupsu luted  unit,  A  suitable 
"thinner*1  material  was  found  which  made  the  plastic  more  fluid 
nt  no  appreciable  mechanical  or  electronic  sacrifice.  The  plastic 

•  •  i* 

flnnlly  adopted  was  mode  up  of  Aries  KW  Epoxy  Rosin,  Arl«s  #101 
Hardener,  and  a  thinner  material, 

E  Hydrophone  Assembly  Procedure.  The  three  crystals  were  first 
wired  in  series,  and  a  wooden  dowel  previously  drilled  ami  pro¬ 
vided  with  Signal  Corps  wire  leads,  wus  inserted  into  the  stacked 
cylinders.  After  the  remaining  connections  of  the  Signal  Corps 
wires  to  the  crystals  wore  made,  the  whole  assembly  was  lowered 
into  the  boot.  The  capacity  was  chocked,  and  the  plastic  was 
prepared  for.  pouring.  To  a  base  weight  of  Aries  #flOd  Epoxy  Resin, 
10  per  cent  #101  Hardener  (diphenylamine)  and  8  per  cent  thinner 
(styrene  oxide)  were  added.  The  materials  were  stirred  nt  a  slow 
rate  to  prevent  entrainment  of  air,  About  five  minutes  of  mixing 
time  fur  the  plastic  was  sufficient  before  it  was  poured  into  the 
assembled  unit.  Manual  manipulation  of  the  boot  was  necessary  to 
eliminate  air  bubbles,  a  possible  cause  of  acoustic  losses  nnd 
mechanical  weaknesses.  The  completely  plasticized  uni*  was  allowed 
to  "cure”  for  about  twelve  hours  before  calibration. 


-4- 


p  Th0  ftSftftnrte‘* 
section  of  the  boot  bn  the  completely  plasticized  unit  was  applied 
over  a  corrugated  metal  projection  on  the  equipment,  and  an  aero- 
seal  hose  clamp  was  usH  to  secure  it.  The  void  between  the  motut 
and  the  plastic  was  completely  filled  with  castor  oil,  thus  af¬ 
fording  h. relatively  incompressible  Lacking  necessary  in  high 
pressure  use. 

0  - 

Baring  t i t p pa ft e  , c jy & tqls  wore  available  from  several 
sources.  (Sec  lHter  seoilon  on  supply  problems.) 

Final  selection  was  made  only  after  actual  assembly 
and  evaluation  at  samples. 

Wits  -  The  interconnecting  wire  for  the  crystals  was 
Tensolite  *1402At  made  by  r;\?naoIito  Wire  and  Coble 
Company,  Tsrrytown,  New  Y ork.  the  more  durable 
leads  were  of  Signal  Corps  wife  WHITT  made  for  the 
Signal  Corps  by  many  wire  concerns.  > 

Boot  -  The  boot  was  Manufactured  by  B  F.  Goodrich 
Industrial  Products  Co<spfi?,y.  An  original  pattern 
was  made  and  rota  led  by  the  company.  ;i  Boots  were 

•i 

molded  on  order  frw.j  blank  neoprene  styook  *35003. 
a  material  with  greater  resistance  to  damage  by  sun¬ 
light  or  oil  than  rubber,  and  with  the  desirable 
acoustic  properties  of  pure  rho-C  rubber, 

Plastic  -  The  epoxy  plastic  used  was  Aries  *304,  the 
hardener  Aries  *  101.  and  the  thinner  styrene  oxide, 

All  of  the  above  were  procured  from  Arles  Laboratories, 
270  Park  Avenue,  New  York  City,  Hony  other  industrial 
sources  of  cossparable  products  are  also  available, 
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II.  SHIELDED  THREE-ELEHENT  HYDROPHONES 

A  -  General  Comments.  The  Electronics  Department  studied  the 
effects  of  shielding  the  standard  three-element  hydrophone  to 
diminish  electrostatic  pickup.  Their  findings  indicated  that 
the  shielded  hydrophone  finally  developed  (see  the  diagram  in 
Fig  21  permitted  a  35  <lb  improvement  at  a  sacrifice  of  1  db 
in  sensitivity.  The  capacity  of  the  completed  unit  was  about 
006  microfarad;,  and  sensitively  about  -03  db. 

B  -  Shield  Materials.  Copper  screen  wire,  aluminum  foil,  alumi¬ 
num  fail  insulation  paper,  perforated  foil  insulation  paper, 
and  a  boot  lining  of  conductive  silver  paint  were  tested.  Best 
results  were  obtained  with  a  single-sided  foil  paper. 

C  -  Insulation  Materials.  As  the  electrode  surfaces  of  the  barium 
titanate  crystals  were  exposed  to  the  shielding  material,  an 
insulator  was  necessary.  A  material  sufficient  for  the  proper 
shield  spacing  and  at  the  same  time  not  solid  enough  to  resist 
permeation  by  the  plastic  was  finally  found.  Fish  paper,  fiber, 
railar,  and  fiberglass  screen  (#0  mesh)  were  tested,  the  last  with 
the  most  favorable  results. 

D  -  Assembly  Procedure.  The  procedure  outlined  for  the  standard 
three-element  hydrophone  was  followed  up  to  the  point  where  the 
assembled  ana  wireu  crystals  wcic  Ic  b.:  4"t.o  the 

boot.  The  crystal  assembly  was  "rolled"  into  a  4"x5"  piece  of 
fiberglass  screen  which  was  fastened  with  scotch  *33  tape.  The 
shield  paper  (single  foil)  size  5A-"x5f"  was  applied  tightly  to 
the  screen  insulator  with  the  foil  side  out.  The  bottom  was  also 
shielded  by  folding  the  lower  extended  side  foil  under  the  unit. 
Connection  of  the  shield  (aluminum)  to  the  outer  electrode  surface 
of  the  top  crystal  was  made  by  an  uninsulated  wire  which  whs 
secured  with  a  "giob"  of  conductive  silver  paint.  After  the 
shield  was  secured  with  strips  of  scotch  *33  tape,  it  was  lowered 
into  the  boot  and  "potted". 


* 

Developments)  work  on  shielded  hydrophones  was  conducted  at 
Hudson  Laboratories  by  ThvUias  Pappas. 
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r-  -  Ihiertal-goBrcct. 

Fiberglass  Cloth  Screen.  *8  Mesh  was  procured  from 
i'lnsi.lc  Woven  Products  Co.,  Si  Camden  Street » 

Paterson,  Now  Jersey. 

Shield .Hatorial .  an  alani  Awn  reflective  insulation 
"FoUtex",  ms  manufactured  by  Heresy  Paper  fining 
Company,  Melrose;  Mass, 

Conductive  Silver  Point  ®  4756  was  obtained;  from  E,  I. 
D»poitfc.de  Neswura,  Electro  Chemical  DaparMent, 
Wilmington,  »el aware;  ■ 

111,  raKEfi-INCH  DJAWETRR  iiYOHGPHONES 

Coflerpl,  CowmenM-  This  type  of  unit  U  *»He  of  barium  tit  Citato 
cylinder*  of  the  following  dimensions,  3-in  outside  diameter, 

6~in  length,  and  thicknesses  cf  3/32  in  and  ^  in  ,  The  most  , 
significant  tsechanicai  feature  of  this  type  of  assembly  was  toe 
dse  of  an  epinxy  plastic  to  glue  the  end  plates  to  the  crystals. 
Wlihout  additional  backing,  the  3/32-in  walled  cylinder  with- 
stood ^pressures  up  to  4950  psi,  at  which  point  the  cylinder 
colllir/s^,  It  is  not  known  to  what  maximum  pressure  the  unit 
is  us h iful .  The  crystal,  with  cemented  end  plates,  ms  fitted 
with  a  rubber  boot:  which  in  turn  ms  made  secure  with  stainless 
steel  aero -soul  hose  clamps  (see  Fig.  3i. 

IV.  MOLTlrCEU.-  HIGH  CAPACITY  HYDROPHONES 

A  "  Preliminary  Comment,  This  unit  wss'designed  for  a  particular 
situation  in  winch  no  preamp  was  to  be  used,  whore  a  high  ca¬ 
pacity  was  needed  to  reduce  line  impedance ,  The  configuration 
of  crystals  and  the  series “parallel  wiring  arrangement  was 
designed  to  meet,  the  need?  of  the  electronic  system  employed  (see 
Fig.  4), 
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rig.  4.  Assaei.y  pattern  or  Mumceu. 


r* 

u 


~  ttj  Prj-znA «■  TJ»  *  n  » T  r*  *' 1  d  '.-UH3  » r*  iv\!  n  T  mnj  Mumii  f*tl 

find  night  1-1 -in  x  li-in  cylinders  assembled  in  stacks  between 
two  stainless  sleet  plates  of  ‘Mn  diamrtffr.  Three  subassem¬ 
blies  were  made  up  of  thirty-six  crystal*  arranged  in  stocks 
Six  crystals  high.  Crystals  within  each  stack  ware  parallel 
wired,  while  the  three  cluster*  of  thirty-six  crystals  ‘were 
series  wired,  forming  the  completed  unit,  This  resulted  in  a 
receiver  with  a  capacity  of  ■, ) ft  tuierpfwriid.  anti  a  sensitivity 
of  -93  db, 

C  -  Aticttblv  Procedure,  la  th*  prei  i  a  inary  ftsoiimbly  operation, 
nine-inch  rods  were  formed  by  gluing  six  trysts Is  together  with 
E„  k>,  plsBtic  (to  be  discussed  below),  Sun  such  rods  ware 
bundled  together  and  all  thirty-six  crystals  mte  parallel 
sired.  Three  such  fiwjor  Mscmivlleis  were  arranged  somewhat  in 
the  for*  of  a  h«x«gon  on  the  stainless  steel  base  plate,  tuny 
ware  then  series  wound  with  the  toratnal  leads  brought  gut  through 
uoapression  seals  it  the  upper  stainless  steel  plate.  A  mini. 
stoic!  sprayed  with  *o Id  release  was  securely  bolted  around  thi* 
entire  assembly,  and  it  was  then  plasticised.  Carr  was  observed 
to  fill  all  voids  c«iplef,ely.  Aft  or  the  plastic  was  thoroughly 
eared  (this  task  approximately  one  day),  the  mold  war*  removed 
and  a  rubber  alweve,  auide  secure  with  stainless  steel  hose  clamps, 
was  then  applied. 

Configuration.  Considerable  experimental  effort  w»* 
spent  in  ftscerttlning  that  the  crystals,  located 
well  within  the  outer  periphery  of  the  unit,  ron- 
tribuced  their  equal  share  to  the  overall  sensitivity 
of  the  assembly.  Prototype  tout,  units  were  made  with 
individual  ceil  connections.  Calibrations  were  then 
(snriif,  and  it  was  found  that  a  crystal  surrounded  by 
six  outer  colls  matched  thorn  In  Individual  sensitivity 
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large  unit  of  this  kind  wns  pouring  n  In  rye  volume 
ojf  plastic  without  generating  nri  evo therm  of  deletnri- 
mitt  effect  on  the  polarization  of  the  erystni  com¬ 
ponents.  Exhaustion  experimentation  with  many  types 
of  plastics  curing  at  room  temperature  resulted  in 
tbn  selection  of  s  fl  l  toil  modified  epoxy  plastic 
which  met  our  roguirnaiants.  This  is  u  thr oft -component 
p.T-MtlQ  Bsmifactured  by.  the  FI  00 ironic  Plastic  Ccrp. , 

675  Barby  Street,  Brooklyn,  New  York.  The  final 
formulation  was  2  per  cunt  Hardener  *i>  and  2  pt*r  cent 
Activator  ^2  added  ?e  Dane  Resin  # S 33v  1 .  ;■ 

V.  ULTRASONIC  PROBE  HYDROPHONES 

A  -  Opitcrnl  CftWBflnt.  Thu  type  of  listening  device  is 
##ri©  of  «  barium  tiutiaie  cylinder  1/16"  diameter  by;, 

1/16"  length.  It  has  particular  application;^  hlyh 
frequency  acoustic  study.,  Because  of  its  wtrtulw  si, so, 
difficulties  were  Vncountorad  in  arriving  ut  «  ivitd. ft  factory 
assembly  technique. 

6  ~  Truss  ot.  ljhltA-  Two  mcthoile  of  mounting  warn  developed 
with  success,  arte  h  rigid  mount  and  the  oilier  a  flexsibl© 
wire  Mount. 

MfiJXftfefi -  This  was  the  type 
of  unit  that  was  u«d  where  c  store  precise  location 
of  the  probe  was  essential  (See  Fig,  5),  Tho  unit 
was  sounted  at  tho  end  of  a  brai*  capillary  tubing, 

Wire  cnnnirfivtons  to  the  small  erystni  wore  accomplished 
through  the  use  of  alive?  conducting  paint,  For 
Insulation,  a  thinned  neoprene  coating  was  applied 
repeatedly  until  an  infinite  resistance  rending  be¬ 
tween  the  electrical  teminsls  and  the  water  into 
which  the  unit  had  boon  submorged  v«a  attained,  This 
type  of  probe  had  a  capacity  of  3C<)  micro-microfarads 
with  a  sensitivity  of  - 1 -10  (lb. 


Ttqrryn&T  — 
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PleyHlle.  Wire  Mounted  Unit,  This  unit  was  one  that 
wss  made  hy  mounting  the  l/l6~in  crystal  on  an 
insulated  mre  which  had  thu  wire  strands  spt‘!,n(! 
cut  and  relied  back  Insidn  the  crystal  (see  Fig,  o). 
The  wire  was  sceur’id  electrically  and  mechanically 
to  the  interna)  electrode  of  the  crystal  by  means 
of  silver  conducting  paint.  Neoprene  was  applied 
to  can  off  the  unit  and  secure  \the  unit  to  the  wire;' 
Insulation.  The  insulation  of  the  second  wire  whs 
secured  to  the  first;  a  single  wire  strand  was  ' 
brought  to  within  1/8  in  of  the  crystal  where  an, 
electrical  contact  wur  mode  between  it  nnd  the  cut" 
sidle  electrode  by  moans  'of  silver  conducting  paint. 
The  tested  unit  was  then  insulated  with  o  neoprene 
coating.  .  : 

.  1  •!  ■  .  *. 

.toriSLJL.5Miy>iJ' 

Neoprene  ?7QQfyui  Neotirene  Thinner  Nr-i5Q“l  obtained 
from  Gate.?  Engineering  Co.,  100  S,  Wost  Stjroet, 
Wilmington  D«ilaw«re, 

Probe  pryet.alB  wore  secured  from  Clevite  Electric 
Component",  Cleveland,  Ohio, 

SllJSr-Si1  E.  I.  Dupont  M7.%  was  used. 
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CRYSTAL  SUPPLY  PWjllLKMS 


In  an  effort  to  Meet  laboratory  roqui rumen ts  for  hydrophones 
having  at  least  the  sensitivity  of  our  standard  calibration  units 
(-91,5  db),  a  set  of  basic  requimmontB  for  dimensions  and  aieenical 
properties  was  sent  to  all  known  commercial  companies  dealing  in  piezo¬ 
electric  materials.  Certain  requi i-oments,  Could  hi’  varied,  but  the 
lower  eyrie  ppint  could  not  be  above  O^C,  and  In  Urn  attainment  of 
this  in  btrium  titnnste  material  a  nertnin  part  of  the  sensitivity  was 
necessarily  sacrificed,  Some  manu  fact  urepa  offered  a  thinner  wall  oil 
crystal  In  gni  attempt  to  attain  greater  capcictly  and  sensitivity,  but 
the  final  evaluation  was  not  very  encouraging,  U  was  evident  that 
those  better  known  suppliers,  making  standard  units  under  Navy  Spool*, 
fientionsj did  not  and  apparently  could  not  moot  Hudson  Laboratories 
roquireawnts  without  major  modification  of  routine  ceramic  mi sees  or 
crystal  dimensions.  In  practically  all  cases  they  allowed  groat  re¬ 
luctance  to  any  variation, of  "Navy  Specs1',  which  worn  obviously  low. 
Some  of  the  companies  that  did  supply  teat  sample*  from  Who  shelf  had 
an  inferior  product.  Others  tsmde  some  modification,  but  again  this 
results  of  Uso  finished  crystal  were  not  satisfactory.  At  Jho  present 
time,  none  of  the  companies  is  able  to  supply  wholly  satisfactory, 
crystals*  It  is  very  probable  that  our  standard  units,  are  wade  from 
an  unmodified  barium  titanate  material  and,  therefore,  exhibit  a  higher 
sensitivity  than  the  samples,  the  best  we  have  been  able  to  protore 
for  evaluation  were  iamplos  -103  db  equivalent  to  about  ^93  db  Iri 
a  Completed  three  element  unit*  This  j*  below  our  proposed  require" 
went*  by  1.5  db. 

Method  of  Evaluation.  A  sntiple  crystal,  received  foy  appraisal  from 
one  of  tho  various  compan/es,  was  made  into  n  single  cell  hydrophone 
in  the  same  fushion  as  our  standard  "throe  element"  unit.  It  was  re¬ 
ferred  for  calibration,  and  its  sensitivity  was  compared  with  that  of 
competitive  crystals.  Our  calibration  (atmospheric)  device  uses 


m  r:nmnnrnt  li/r  mi'nn*:  ot’  nvn  iii.Tt.i  on  where  I  hi1  crime  smndairdr.  nre 
"Oriiimio  (,a  i  ilitMti'i]  fin  1  us" .  The  runqr  of  fr^qm-ns-.i  i-s  normally 
t '«t  oil  i  <,  from  2  to  ItHi  eye  I  or  per-  sonond, 

Suppliers.  A  list  of  many  of  the  companies  contacted  may  hi;  found 
in  tin*  Appendix, 

Observations,  Of  nil  tho  samples  t  os  tod,  it  urns  found  that  mine 
SflitiifflCtorUy  mot  laboratory  dem/indn.  One  of  the  crystals  (0  S. 

Sontos)  indicated  «n  aooopinbie  serial tiviiy,  lint  at  n  sacrifice 
of  capacity  of  .'0O!»5  mfd,  It.  is  evident  thnl  tho  barium  Mlanau* 
nvai  Initio  now,  modified  for  u  depressed  curie*  point,  is  incapable* 
of  product ny  no  acceptable  unit  ("92  db). 

Hoa^ibye  •  Samples  of  lend  alroonate;  material  were  w,de 

into  ii  throe-element  hydrophone  with  a  cnpocity  of  .00316  micro- 
farads  and  o  sensitivity  of  -fld  db,  Those  lead  airoenate  hydrophones 
cost  about  five  times' as  much  as  barium  tltanato  hydrnphonee*  It  has 
been  suggested  that  by  moans  of  a  Judicious  selection  of  crystal  si»e( 
two  7.1  room) to  elements  could  he  uned  instead  of  three;  tbo  resultant 
sensitivity  would  be  higher  than  that  of  tho  standard  barium  tltiuottt 
hydrophone  by  2  to  3  db.  A  further  modification  of  this  two-clement 
hydrophone,  reversing  the  polarisation  of  one  of  the  two  crystals, 
would  obviate  the  need  for  shielding,  thereby  saving  i  db  normally 
sacrificed  In  a  shielded  unit.  A  two-eloment  sirconate  hydrophone  of 
acceptable  ,wa«;itl vlty  offers,  as  an  additional  advantage,  a  capacity 
higher  than  that  of  the  standard  hydrophone.  The  possibilities  in  tho 
design  of  such  a  hydrophone  are  now  being  investigated. 

ALLIED  DEVELOP  (HE NTS 

I.  P.  T.  Crystal  Evaluator.  In  the  coijtsh  uf  cur  study  nnd  evaluation 
fit  lA-in  barium  titanate  cylinders,  n  test  device  was  developed 
which  has  shown  some  promise  ns  n  crystal  evaluat  t  and  a  polarity 
indicator  (see  Pigs.  7  and  01,  The  device  actually  tests  the  static 
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FLOS  DUSIAM  OF  P.T.  CRYSTAL  EVALOATOH 


voltage  ehariv*  developed  I#  a  crystal  by  n  circianffnefti.ifil  median  - 
cal  pronsnre.  it  consists  -of  an  airtight  metal  unit  with  n 
cylindrical  rubber  boot  a a  n  liner.  As  olr  pressure  is  applied 
between  the  container  nnd  the  rubber  bant,  the  latter  compresses 
the  crystal  which  has  been  Inserted  within  the  boot,,  A  known  air 
pressure  (10  pal)  is  applied,  After  a  moment  to  allow  for  equl  ■ 
librium,  the  pressure  in  suddenly  removed  and  n  record  of  voltage 
output,  of  the  crystal  is  measured  on  a  high  persistence  oscilloscope. 
For  simplicity  of  operation,  the  utr  supply  is  controlled  by  a 
prefigure  regulator  and  solenoid  valves, 

f  -  Test  Pmc eiltm;.  The  fi r«t  test  operation  consists  of  inserting- 
the  crystal  into  the  rubber  boot.  Pi  One  'location  of  the  crystal 
Is  attained  by  a  locating  rod  which  is  withdrawn  from  the  crystal  - 
after  location,  The  double-pole,  double-throw  switch  Is  normally 
r'1'  'itionod  such  that  the  air  outlet  Is  open  anti  t.ho  inlet  Is  closed. 
Operation  of  this  switch  applies  the  regulated  Air  pressure  to  the 
crystal.  Reversal  of  the  switch  opens  the  exhaust  releasing  the 
pressure  and  concurrently  the  electrical- charge  which  is  stoasuml 
on  the  scope,  direction  of  the  pulse  also  indicates  uniformity  of 
polarity. 

B  -  t’ossibio  Value,  Correlation  has  been  experimentally  indicated 
between  the  voltage  output  of  the  crystal  and  the  actual  sensi¬ 
tivity  ascertained  by  the  cu  1  ibmtior»  department,;  However,  f  i-ther 
development  work  Is  required  before  a  valid  relationship  can  be 
established.  The  mechanical  force  applied  with  this  device  is  in 
the  radial  direction,  arid  the  electrical  foren  is  measured  in  tins 
same  direction  (the  direction  of  polarization)  giving  an  indication 
of  the  response  of  the  cylinder.  This  voltage  output  is  closely 
related  to  the  d^3  quality  factor  proposed  by  crystal  manufacturers 
Some  of  the  voltage  measured,  however,  possibly  is  attributable  to 
influence  of  output  duo  to  concurrent  M&chanical  force  la  the  length 
mode  or  he  circumferential  mode  referred  to  as  the  coefficient 

For  our  laboratory  use,  inevoTxheless,  the  overall  measurement  is 
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valuable'  only  If  it  fan  ho  used  ns  n  cons  i  stent  standard  which 
parallels  the  annul  calibration  result*.  Further  Investigation 
win  ie>  nt*cr  psury  to  ui  t.»li  I  tsli  the  usefulness  of  tluL  ti'sior. 

Some  a  hor  rations  In  the  tor, tor  meanurcment *  a  rtf!  the  calibrated 
sensitivity  worn  soon  m  some  crystal*  where  fchrru  was  a  wide 
disparity  of  capacity  woasurcsout,  Ute*  development  any  t  mil  cate 
the  need  for  applying  n  correction  factor  ha  ml  on.  capacitive  inf  In* 
run*  since  tin*  osci  1  i».*«npe  reading  in  sffpcied  by  the  enpqcitanc 
firms*  its  input. 

H.  ..byji.aatar  rf>( t .  •  Amjthur- ioe-l  for  llm  study  of  crystal 

per fnrm.r"''"  is  n  frevlri?  pr*mr»ttruj  the  appl icnf.ton  ami  remova l  of 
3  sot  sit-  to  a  bnnum  tit. mate  cyMrue?  in  the  axim  direction  t  sec 
Tig,  0) ,  The  sudden  removal  of  the  weight  causes  tht  release  of 
:t  voltage  which  is  su'i isured  on  an  o*ci !  icacope.  Since  the  meci.inicftl 
force  is  pt*rp»miical»r  to  the  rieotricsii  signal  am)  the  Atraeiioh  of 
pulhi'iaation,  the  wen  summon  t  should  0"  r via  tod  l.o  the  coef - 

fie  lent  of  the  piesso-Hectric  malorlal  tested,  Further  work  l,s 
being  done  with  this  tool  in  the  calibration  stopnttmenl  to  establish 
its  possible  value  in  crystal  evaluation, 

ill.  Mf fct  vf  Thicfcpccd  f  lasilo  on  Crystal  Sensitivity.  An  unusual 

;phono»v*non  was  observed  in  the  increased  sensitivity  of  a  barium 
li  innate  crystal  iln  had  layers  of  plastic  applied  to  it,  progress ivo I y 
Increasing  If*  diamriter,  As  successive  layers  of  piastic  were  applied, 
the  crystal  was  referred  for  cal inration,  Two  such  samples  were  observed, 
and  the  result!  of  those  tests  are  shown  in  Figs.  It);  and  11  on  the 
following  pages,  In  the  case  of  sample  XO'd,  it  we?  noticed  that  an 
increase  In  the  diameter  of  the  crystal  from  the  original  If  tin  to 
3-|  In  by  the  application  of  a  roost -cured  epoxy  plastic  improved  the 
sensitivity  of  the  crystal  from  10*1.5  db  to  102.fi  db.  The  experi¬ 
ment  is  continuing,  iinie  worn  than  the  actual  observation  of  this 
unusual  result  was  accomplished  at  the  time  of  this  writing,  but  it 
might  be  suggested  that  similar  experiments  might  bo  conducted  with 
ihrec-etleim»ni  units.  The  effect  of  other  xyp^s  of  plastic  with 


varying  densities  might  be  pursued.  Certain  possible  explanations 
fo»  the  effect  have  been  proposed.  The  most  plausible  one  is  that 
the  embedded  crystal  in  the  large  surrounding  plastic  senses  the 
pressure  wave  to  which  the  entire  surface  is  exposed.  The  plastic 
acts  as  a  1< r  transmitting  the  accumulated  pressur?  signal  to 
the  detector.  More  developmental  work  will  be  pursued  to  attempt 
to  exploit  the  value  this  finding  may  have  in  future  hydrophone 
construction. 


CONCLUSION  AND  RECOMMENDATIONS 


The  efforts  expended  in  the  manufacture  of  hydrophones 
at  Hudson  Laboratories  were  worthwhile,  aside  from  the  financial 
henefit,  because  flexibility  of  hydrophone  design  was  thereby 
made  available  to  equipment  designers.  Variable  configurations 
of  geometry  and  electrical  wiring  were  permitted  without  undue 
stress  since  all  of. the  components  and  the  techniques  were  at 
hand . 

In  the  sound  source  department,  too,  variation  of  design 
has  put  into  play  some  of  the  skills  developed  by  the  hydrophone 
group.  Considerable  further  experimental  effort  should  be  expended 
in  the  interest  of  developing  some  of  our  earlier  findings  and 
improving  our  present  materials  and  skills. 

It  has  been  suggested  by  another  laboratory  (Naval  Air 
Development  Center)  that  for  an  expenditure  of  less  than  ten  thousand 
dollars,  a  ceramic  laboratory  could  be  set  up  capable  of  producing 
crystals  better  suited  to  the  needs  of  Hudson  Laboratories  than 
those  available  from  the  inflexible  industrial  firms.  Such  a 
facility  would  also  lend  itself  to  developmental  improvements  in 
the  piezo-electric  sialeriais  and  would  permit  variability  of  shapes 
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being  published  as  an  addendum  to  this  report. 
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It  is  suggested  that  in  the  immediate  future  the  matter 
of  the  improvement  of  sensitivity  by  the  application  of  thickened 
plnst’c  coverings  on  barium  titanate  crystals  be  further  investi¬ 
gated.  The  observed  increase  of  2  db  on  a  single  crystal  should 
be  further  investigated,  and  the  possible  utilization  of  the  phe¬ 
nomenon  in  hydrophone  design  should  be  considered. 

The  use  of  zirconates  as  replacements  for  barium  titanate 
elements  should,  because  of  their  more  acute  sensitivity,  be  in¬ 
vestigated  more  fully.  Evaluation  thus  far  has  shown  their  merit 
for  high  pressure'  and  low  temperature  use;  however,  obtaining 
them  is  still  the  major  problem.  At  present,  only  one  supplier 
is  available,  and  for  this  reason  prices  have  not  been  depressed 
by  -.;(>ipcti ti ve  influence, 

future  developments  in  the  hydrophone  field  will  be  pre¬ 
sented  periodically  as  addenda  to  this  report. 
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APPENDIX 


BARIUM  TITANATE  SUPPLIERS 


N.irnf 

Type  of  Sample 

Capacity 

Sensitivity 

Solar  Manufacturing  Co., 

4553  St-vi  ]  1  e  Ave. 

Los  Angeles  5(5,  Calif. 

Single  Element 

.0125  mfd 

-103.5  db 

U  S  Sonics 

625  McCrath  Highway 

Somervi 1 Ir,  Mass. 

Single  Elements 
(Special  mix  for 
low  temperature  use) 

.0055  mfd 

-102  db 

Clevite  Electric  Components 
331  1  Perki  ns  Avo.  . 

Cleveland  14,  Ohio 

Three  Elements  in  Series 
Zirconates  Sample-  (con¬ 
sidered  elsewhere  in 
report) 

.0160  mfd 

-93.5  db 

Sprague 

North  Adams,  Mass. 

First  Sample 

Single  Element 

.016  mfd 

-103.5  db 

Three  Elements 

Thinned  Wall  units 

.0169  mfd 

-94  db 

Unable  to  modify  further 
zirconate  after  Jan.  1st. 

Culton  Industries 

2 12  Durham  Ave. 

Metuchen,  N.  J. 

First  Sample 

Three  Element 

Second  SampT- 
Single  Element 

.019  mfd. 

.021  mfd 

-94  db 

-103.5  db 

E: retro  Ceramic  (King) 

2645  South  2nd  West 

Salt  Lake  City  15,  Utah 

Single  Unit 

.0135  mfd 

-103.5  db. 

American  Lava  Corp. 

Three  Element 

.0145  mfd 

-94  db. 

Chattanooga  5,  Tenn. 
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Afro  Physics 

1’  0.  Ilox  609 

Snntn  Barbara,  Calif. 


Centra  lab  Corp, 
900  [•]. Keefe  Ave. 
Mi  Iwaukt.-',  Wi.- 


Possible  future  sources,  not  now  in  a  position 
supply  samples  or  production  quantities. 


Mr ie  Resistor  Co, 
University  Park,  Pa. 


General  Electric 
Electric  Components  Div. 


Naval  Air  Development  Center  Ceramic  A 
Johnsvi 1 le ,  Pa.  crystals 


.018  mfd  -91-92  db. 

Curie  Point 
10°C 
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